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Abstract 
Unplanned engineering changes represent a major field of disturbance during production ramp-up. They require time-consuming qualification 
and approval procedures for product- or process-related redesign. Numerous engineering changes during production ramp-up can be traced 
back to lack of product maturity, not sufficiently increased during the precedent stage of product development. By applying effective and effi-
cient product testing processes, product maturity can be measured and enhanced at an early stage. As a consequence, unplanned engineering 
changes can be avoided. Nevertheless, contemporary test management procedures lack of methodological support, especially in the field of test 
planning. To date, the successful evaluation of testing demand and selection of necessary test specifications mainly depends on the expert 
knowledge of the test management team. The present paper focuses on the development of optimized test planning procedures in order to ac-
celerate early product maturity enhancement for stabilizing production ramp-up processes. Following design science research methodology, the 
relevance of the problem statement in the application environment of production ramp-up will be assessed. Furthermore, approaches of the 
knowledge base related to test management will be analyzed in order to constitute rigor of the applied research approach. Based on the evalua-
tion of business needs from the relevant environment as well as the investigation of application knowledge, a research framework for deriving 
optimized test planning procedures is presented. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
1.1. Motivation for research in test management within ramp-
up management 
Production ramp-up can be considered as the final stage of 
product development. [1] It links finishing activities of prod-
uct and process design with the stage of volume production 
and consequently plays an important role within the product 
life cycle. During production ramp-up, numerous disturbances 
occur impacting the performance of the production system 
related to target levels of volume, cost and quality. A major 
field of disturbance is represented by unplanned engineering 
changes which can be traced back to insufficient product 
maturity during the precedent stage of product development 
[2]. Consequently, the reduction of unplanned engineering 
changes caused by lack of product maturity is a major goal for 
both producing companies as well as research activities in 
ramp-up management. 
An important field of action for the above named challeng-
es is represented by the area of test management. By planning 
and conducting engineering tests during product development, 
confidence in the proper fulfilment of product requirements 
can be gained at an early stage of the product life cycle [3]. 
Furthermore, testing activities are able to uncover product-
inherent defects [4]. The knowledge about requirement ful-
filment and defects offers the opportunity to increase product 
maturity during early stages of product development.  
As production ramp-up is frequently characterized by lack 
of product maturity, the present paper is based on the hypoth-
esis that activities of test management during product devel-
opment are performed insufficiently. Hence, product-inherent 
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defects remain concealed until production ramp-up and lead 
to engineering changes at a late stage of product life cycle. 
Consequently, further research in test planning is required in 
order to enhance product maturity at an early stage of the 
product life cycle and hence to stabilize ramp-up procedures 
due to decreased occurrence of engineering changes. 
1.2. Objective and structure of the paper 
According to the methodology of design science research, 
the paper presents the results of the investigation of business 
environment as well as the relevant knowledge base. Current 
business needs are stressed and the deficits of existing 
knowledge and approaches are elaborated. Based on the re-
sults, a research concept for the improvement of test planning 
procedures is presented. The concepts aims at optimizing test 
planning procedures for early product maturity enhancement. 
This is expected to stabilize ramp-up processes by less un-
planned engineering changes. 
The paper is structured according to the methodology of 
design science research. Chapter 2 provides an overview of 
research methodologies applied in ramp-up management and 
gives a short introduction to design science research. Chapter 
3 focuses the relevant business environment in order to ana-
lyze business needs. In chapter 4, the related knowledge base 
in terms of techniques, models and methods from different 
fields of research is elaborated. Based on the results both 
analyses, a research concept for the optimization of test plan-
ning procedures is presented in chapter 5. 
2. Design science research 
2.1. Research methodologies within ramp-up management 
Research methodologies represent a systematic approach to 
the effective exploitation of scientific knowledge [5]. By 
applying established research methodologies, a comprehensi-
ble line of arguments and thus profound research results can 
be achieved [6]. 
The field of ramp-up management is especially investigat-
ed by the research disciplines of engineering science and 
management science [7]. Both disciplines have their well-
established research methodologies. Table 1 provides an 
overview of applied research methodologies in doctoral thesis 
of recent ramp-up research, which has been institutionalized 
in the Research Training Group “Ramp-Up Management” by 
the German Research Foundation (DFG). 
Table 1. Research methodologies applied in ramp-up management research. 
Lemma of ramp-up research 
work 
Author Year Research 
metho-
dology 
Quality inspections within the 
ramp-up of assembly systems 
Basse 2015 Ulrich 
1984 
Efficient commissioning within 
end-of-line assembly 
Janßen 2015 Ulrich 
1984 
Control of product realization  
processes 
Stiller 2015 Ulrich 
1984 
Evaluation of substitutional risks 
of manufacturing processes 
Buchholz 2014 Ulrich 
1984 
Cybernetic planning of  
production programs 
Schürmeyer 2014 Ulrich 
1984 
Mechanisms for synchronized  
production plant design 
Wesch-
Potente 
2014 Ulrich 
1984 
Discrete migration strategy for  
ramp-up of assembly systems 
Gartzen 2012 Ulrich 
1984 
Ramp-up-based technology 
planning 
Nau 2012 Ulrich 
1984 
Performance management of  
ramp-up processes 
Renner 2012 Hevner 
2004 
Quality-oriented management of  
ramp-up processes 
Schmitt 2012 Ulrich 
1984 
 
According to table 1, the most common research method-
ologies applied in research of ramp-up management relate to 
economic sciences as application-related social sciences in-
troduced by Ulrich in 1984 [8]. However, the research meth-
odology of design science (DS) research, as summarized by 
Hevner et al. [9] or Peffers et al. [10] shows great promise of 
applicability within other design-oriented communities, such 
as engineering fields [11] or the area of ramp-up management 
[12]. Fundamentals of DS research and its applicability for 
research work in the field of ramp-up management will be 
stated and discussed in the following sections. 
2.2. Fundamentals of design science research 
The methodology of design science research has been cre-
ated in order to provide a reference process for conducting 
design science research based on existing approaches in litera-
ture and to provide researchers a mental framework for re-
search approaches and outputs [10]. Basically, DS research 
has its roots in engineering and artificial sciences and is based 
on a problem solving paradigm [9]. Figure 1 provides a visu-
alization of the framework for information systems research, 
combining approaches from behavioral-sciences and design 
science paradigms. On the left side, the environment consti-
tutes the problem statement research activities intend to ad-
dress. In the context of research for information systems, the 
environment can be modeled by the application domain, rep-
resented by involved people, related business organizations, 
technologies and technical systems as well as occurring prob-
lems and opportunities. The investigation of these areas ena-
bles a carved-out problem statement with requirements from 
the business perspective that need to be addressed. 
 
 
Fig. 1. Framework for Design Science Research [11] 
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On the right side, related knowledge base (KB) provides 
appendant foundations and methodologies to the problem 
investigation promising a viable solution. Elements of the 
knowledge base are existing scientific theories and methods, 
experiences and expertise or meta artifacts such as design 
processes. Driven by business needs (relevance cycle) and 
applicable knowledge (rigor cycle), activities of design sci-
ence research develop new theories, artifacts and processes in 
a closed loop of assessment and refinement (design cycle). 
Results of this research process contribute to the environment 
by providing applicable problem solutions as well as to 
knowledge base by adding new theories or artifacts to the 
scientific community. Design science research activities ac-
cording to the framework provide a profound basis for re-
search results meeting the requirements of being rigor and 
relevant. [9,11] 
In addition to the above-named research framework pro-
posed by Hevner et al., a gradual process model for conduct-
ing DS research, consisting of the steps (i) problem identifica-
tion and motivation, (ii) objectives of a solution, (iii) design 
and development, (iv) demonstration, (v) evaluation and (vi) 
communication has been introduced by Peffers et al. [10] in 
order to provide a mental model and a methodology for con-
ducting DS research in information systems research. 
2.3. Applicability of DS research for ramp-up research 
The framework for design science research can also be ap-
plied in the research field of test management related to pro-
duction ramp-up. In information systems research, DS re-
search provides new theories and artifacts, which can be clas-
sified into constructs, models, methods and instantiations [9]. 
Referring to the field of test management, the approach of DS 
research shows promise to identify adapted or new methods 
and models for optimized test planning aiming at the early 
maturity enhancement and hence reducing unplanned engi-
neering changes during production ramp-up. 
The present paper aims at investigating a solution for op-
timized test planning procedures by following the methodolo-
gy of design science research. Consequently, the subsequent 
chapters describe the analysis of the environment (relevance 
cycle) as well as the related knowledge base (rigor cycle) in 
order to deduce an approach for optimized test planning pro-
cedures (design cycle). 
3. Evaluation of the environment 
3.1. Challenges in ramp-up management 
By investigating the relevant environment, the business 
need or the problem statement perceived by the researcher can 
be elaborated [9]. Consequently, the following sections aim at 
the analysis of ramp-up management as well as its specific 
problem statements. 
Production ramp-up can be considered as the final phase of 
product development [1]. It links product development with 
full capacity production [13] and directly affects the financial 
success of a product by influencing time-to-volume indicators 
[14]. 
 
Fig. 2. Number of ECR during production ramp-up [15] 
 
One major challenge in production ramp-up is represented 
by unplanned engineering changes due to lack of product 
maturity. Although wide influence on product maturity can be 
exerted during product development stages, troubleshooting 
and fault correction is commonly carried out not until produc-
tion ramp-up [16]. Quality issues not being resolved during 
product development result in unplanned engineering changes 
in production ramp-up [17]. Consequently, the amount of 
engineering changes provides a viable measurement for a 
development project in its final phases [15].  
Figure 2 provides the exemplary results of a case-study for 
late engineering change requests (ECR) prior and during pro-
duction ramp-up in the data-storage industry. In this case 
study, 53 ECR have been requested from week -5 to week 10 
of production ramp-up. About 50% of these ECR are related 
to product specifications. [15]  
These unplanned engineering changes represent a major 
field of disturbance for ramp-up management [2] and should 
be detected as early as possible in the development process 
[18]. Summing up, product maturity is an important subject 
matter during production ramp-up [19]. 
3.2. Deriving business needs 
The fact that immature products reach the stage of produc-
tion ramp-up and provoke disturbances in terms of unplanned 
engineering changes lead to the assumption that product ma-
turity has not been enhanced sufficiently in previous stages of 
product development. In order to stabilize ramp-up processes, 
it is important to assure product maturity during precedent 
product development, as engineering changes can be conduct-
ed easily with less efforts during early stages of the product 
life cycle [20,21]. By analyzing product features and attrib-
utes thoroughly during product testing prior to production 
ramp-up, product maturity can be enhanced at an early stage. 
As a consequence, unplanned engineering changes can be 
avoided resulting in stabilized ramp-up processes. 
Based on the evaluation of the relevant environment of 
ramp-up management, a vital business need comprises early 
product maturity enhancement in order to avoid disturbances 
and enable a smooth ramp-up procedure [19]. The process of 
assuring maturity for product features and attributes during 
product development is usually conducted by product testing 
procedures. Consequently, the knowledge base of test man-
agement and related fields of research will be investigated in 
order to address this business need. 
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4. Knowledge base 
4.1. Relevant foundations and methodologies 
The investigation and appropriate application of the 
knowledge base from reference disciplines provides founda-
tional theories, frameworks, models or methods to DS re-
search activities in order to ensure rigor research results [9]. 
Based on an initial analysis of related disciplines, the fields of  
(i) test management, (ii) design verification and validation as 
well as (iii) quality planning have been identified for further 
investigation in order to elaborate the actual theoretical deficit 
DS research intends to address. The results of the analysis are 
presented below, as they provide current theoretical deficits as 
well as promising applicable knowledge for the design cycle. 
4.2. Test management 
Test management according to the definition of the Inter-
national Software Testing Qualifications Board (ISTQB) 
covers all activities regarding planning, estimating, monitor-
ing and controlling of test activities [22]. The major objective 
of test activities is to gain confidence by conducting systemat-
ic inspection, whether the product designed during product 
development meets its specific requirements [23]. This can be 
achieved by detecting product-inherent faults [24].  
Test management is a well-established discipline in the 
field of software development but is also applied for physical 
products, especially complex product systems [16,25,26]. 
Activities of test management for physical-related products 
systems (including mechatronic systems or cyber-physical 
product systems) are often described under the terms of veri-
fication and validation (V&V), discussed in chapter 4.3. 
A common framework for the conduction of test manage-
ment activities, often called fundamental test process, is illus-
trated in figure 3. Similar concepts for test management can 
be found in [26–29]. Superior activities of test management 
can be described by test planning and control. Within test 
planning a test strategy is determined. The test strategy covers 
general decisions regarding test criteria and test methods in 
order to derive and prioritize test activities during product 
development. Based on the results of test planning, test analy-
sis and design can be performed. Within these stages of test 
management a detailed decision is made for the selection of 
test objects, test functions, test conditions and test cases. The 
stage of test analysis and design is followed by test implemen-
tation and execution. In this connection, test cases are sub-
stantiated by generating test sequences which can be execut-
ed. Test runs are performed and results are documented. 
Based on the test results, test evaluation and reporting is 
conducted. In the stage of test closure, measures for product 
maturity enhancement can be derived and executed. [23] 
 
 
Fig. 3. Fundamental test process [23] 
The focus of the following investigation will be set to the 
task of test planning. These activities can be characterized by 
properties of decision-making processes. Test managers and 
test planners need to reach a decision, which product features 
and attributes need to be tested during product development 
stages. 100% testing of all features is rarely feasible as testing 
activities should be planned considering economic aspects 
[23,24,28,30,31]. 
In order to reach an economic decision within test plan-
ning, methods and tools for decision support are necessary. 
Economic efficiency for test planning can be characterized by 
balancing test demand and test effort [31]. Concerning test 
demand, current methods and tools for decision support of test 
management are related to concepts of Risk and Require-
ments-Based Testing (RRBT) [27]. Within RRBT, require-
ments are linked to product risks in order to derive necessary 
test activities [27–29]. In addition, tests can be prioritized 
according to the severity of risks [27,30]. 
However, further research still remains to be conducted for 
current models and methods of risk identification and assess-
ment. One field of interest, currently not sufficiently ad-
dressed, is the valid quantification of existing risks. Present 
approaches for risk quantification are often based on oversim-
plified estimations [32]. This is related to the fact, that espe-
cially for new product development, which precedes every 
production ramp up, only few failure data for risk assessment 
and evaluation is available [33]. Hence, current models and 
methods for risks assessment of complex product systems are 
to fuzzy to precisely derive necessary test activities [31]. 
Furthermore, risk management and test management are often 
decoupled as both disciplines are carried out by different 
organizational units [29]. 
To sum up, the valid identification of test demand based on 
existing risks plays an important role for test planning. Test 
activities need to provide insights into existing risk in order to 
minimize the occurrence or the effect of undesirable events. 
However, current models and methods are not sufficiently 
reliable to be a proper base for decision making in test man-
agement. 
4.3. Design verification and validation 
From the perspective of design and development of physi-
cal-related product systems, test activities performed in con-
text of the product development process are activities of as-
suring product properties. This procedure is generally de-
scribed as design verification and validation (V&V) [34]. 
Verification represents a quality assurance process aiming at 
the investigation, whether a product system meets its require-
ments whereas validation assures that a product system is 
applicable for its intended use [3]. This is a commonly spread 
nomenclature of the V&V terms, although there is a huge 
variety of definitions. A comprehensive overview on existing 
terminologies for V&V can be found in [25]. 
There are several frameworks for organizing V&V activi-
ties throughout the product lifecycle. A well-established 
standard is the design methodology for mechatronic systems 
[34]. Further important frameworks are presented by Grady 
[25], Lindemann [21], Maropoulos and Ceglarek [3] or Ehr-
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lenspiel and Meerkamm [35]. All frameworks cover models 
for describing V&V activities during product development or 
throughout the product life cycle.  
However, non of the above-named frameworks offer fur-
ther concepts or methods for decision-support on evaluating 
the test demand for planning V&V activities. Frequently pro-
posed factors for evaluating the necessary test demand are 
related to current methods of risk management [3,36], such as 
failure mode and effect analysis (FMEA) and failure tree 
analysis (FTA), or expert knowledge [21,37]. The current 
deficits of existing models for risk assessment regarding their 
validity and applicability for test planning have been elaborat-
ed above (chapter 4.2). Continuative concepts or models for a 
more precise deduction of test activities based on test demand 
are not available at present from the domain of design verifi-
cation and validation. 
4.4. Quality Planning 
In order to integrate methods and activities for product ma-
turity enhancement, such as testing activities, into the product 
development process, several frameworks for quality planning 
have emerged. All of these concepts are based on a stage gate 
process as introduced by Cooper [38,39].  
A common framework for quality planning is the process 
of Advanced Product Quality Planning (APQP), developed in 
the American automotive industry. Structuring the product 
development process into different stages, different methods 
and tools for planning quality testing activities during product 
development are presented. These are methods such as design 
verification, design reviews or prototyping. [40] 
A different framework for quality planning is called Ma-
turity Level Assurance (MLA) for New Parts. Similar to the 
APQP-Process the entire product development process is 
structured into maturity levels. For the assessment of product 
maturity, different measurement criteria are presented for 
each stage of product development. Amongst others, activities 
of prototype planning, simulation planning and test planning 
are integrated into the framework. [41] 
APQP and MLA are commonly spread across companies 
of different industry sectors in order to ensure early product 
maturity enhancement. Both frameworks include activities of 
product testing. However, APQP and MLA do not offer any 
detailed information for decision support in the planning of 
testing activities. 
4.5. Summarizing the applicable knowledge 
The analyses of the fields test management, design verifi-
cation and validation as well as quality planning have shown, 
that current methods for planning test activities lack of models 
for decision support. Especially the determination of test de-
mand is not sufficiently addressed at present. Consequently, 
new models for describing and determining the test demand 
during product development in order to derive test activities 
are necessary. 
5. Research approach for deriving optimized test planning 
procedures 
In order to develop optimized test planning procedures for 
better decision-making, a research approach has been derived 
(figure 4). The objective of the approach is to develop and 
design optimized test planning procedures for planning and 
aligning test activities during product development. With 
regards to design science methodology, the goal of the design 
cycle is to develop a methodology as an artifact for planning 
optimized quality testing activities during product develop-
ment based on the evaluation and balancing of testing demand 
and testing effort. 
In a first step, the existing knowledge base of current 
frameworks for complex product development needs to be 
elaborated in context of test management. In order to locate 
test management activities into the product development pro-
cess, an analysis of existing models for product development 
is necessary. Based on the analysis, a framework of product 
development-related test planning and executing can be de-
rived. In a second step, existing test activities and methods for 
design verification and validation during product development 
need to be identified and aligned to the framework derived in 
the first step. By developing a descriptive model for quality 
testing activities during product development, testing activi-
ties can be classified and integrated into the framework for 
product development-related test management. 
 
 
Fig. 4. Deriving optimized test planning procedures 
 
In order to optimize test planning, profound models for 
both test demand and test effort are necessary. They will be 
addressed in step 3 and step 4. Based on the analysis of exist-
ing methods for estimating test demand and test offer, gener-
alized models can be worked out. The results of the models, 
providing clear information about test demand and test effort, 
will be transferred to a procedure for optimized test planning 
(step 5). This procedure is intended to be a reliable foundation 
for decision making, whether a requirement, a product func-
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tion, a specific product module or a component needs to be 
tested and which kind of test activity is appropriate for the test 
demand. 
6. Summary 
The present paper addresses the development of optimized 
test planning procedures for test activities during product 
development. The need for these procedures is motivated by 
production ramp-up management. Following the approach of 
design science research methodology, the investigation of the 
environment of ramp-up management has shown, that un-
planned engineering changes lead to undesirable disturbances. 
In order to avoid these engineering changes, product maturity 
needs to be enhanced in earlier stages of product develop-
ment. Information about the current state of product maturity 
is provided by test activities during product development, 
planned by the discipline of test management. 
Based on the evaluation of the relevant knowledge base, it 
can be stated that current procedures for test planning lack of 
profound decision support. Especially for the identification of 
the test demand, which is closely linked to product risks, 
current methods and models do not provide a reliable basis of 
information in order to derive corresponding test activities. In 
order to address the above named business need as well as the 
theoretical deficit, an approach for identifying and designing 
optimized test planning procedures has been inferred which 
will guide subsequent research activities. 
Acknowledgements 
The support of the German Research Foundation (DFG) 
funding the research project “KorPus-Pro” (SCHM1856/46-2) 
is gratefully acknowledged. 
References 
[1] Wheelwright SC, Clark KB. Revolutionizing product development. New 
York: Macmillan; 1992. 
[2] Lanza G. Simulative Anlaufunterstützung auf Basis der 
Qualitätsfähigkeiten von Produktionsprozessen. Doctoral thesis. 
Karlsruhe; 2004. 
[3] Maropoulos PG, Ceglarek D. Design verification and validation in 
product lifecycle. CIRP Annals - Manufacturing Technology 
2010;59:740–59. 
[4] Parveen T, Tilley SR, Gonzalez G. A case study in test management. In: 
John D, Kerr SN, editors. Proceedings of the 45th Annual Southeast 
Regional Conference. New York: ACM; 2007. p. 82–87. 
[5] Ulrich H. Der systemorientierte Ansatz der BWL. In: Dyllick T, Probst 
GB, editors. Management. Bern: Haupt; 1984. p. 31-48. 
[6] Blessing LTM, Chakrabarti A. DRM, a design research methodology. 
New York: Springer; 2009. 
[7] Tücks G. Ramp-Up Management in der Automobilindustrie. Doctoral 
thesis. Aachen; 2010. 
[8] Ulrich H. Die BWL als anwendungsorientierte Sozialwissenschaft. In: 
Dyllick T, Probst GB, editors. Management. Bern: Haupt; 1984. p. 168–
199. 
[9] Peffers K, Tuunanen T, Rothenberger MA, Chatterjee S. A Design 
Science Research Methodology for Information Systems Research. 
Journal of Management Information Systems 2008;24:45–77. 
[10] Hevner AR, March ST, Park J. Design Science in Information Systems 
Research. MIS Quarterly 2004;28:75–105. 
[11] Hevner AR. A Three Cycle View of Design Science Research. 
Scandinavian Journal of Information Systems 2007;19:87–92. 
[12] Renner T. Performance-Management im Produktionsanlauf. Doctoral 
thesis. Aachen; 2012. 
[13] Terwiesch C, Bohn R. Learning and process improvement during 
production ramp-up. Int. J. Production Economics 2001;70:1–19. 
[14] Ball P, Roberts S, Natalicchio A, Scorzafave C. Modelling production 
ramp-up of engineering products. Journal of Engineering Manufacture 
2011;225:959–71. 
[15] Prefi T. Qualitätsmanagement in der Produktentwicklung. In: Pfeifer T, 
Schmitt R, editors. Masing Handbuch Qualitätsmanagement. München: 
Hanser; 2014. p. 401–440. 
[16] Elstner S, Biele A, Krause D, Ischdonat N. Erhöhung der Flexibilität im 
Umgang mit späten Änderungen im Serienanlauf. Zeitschrift für 
wirtschaftlichen Fabrikbetrieb 2013;108:962–6. 
[17] Terwiesch C, Chea KS, Bohn RE. An Exploratory Study of International 
Product Transfer and Production Ramp-Up in the Data Storage Industry; 
1999. 
[18] Terwiesch C. Managing the process of engineering change orders: The 
case of the climate control system in automobile development. Journal of 
Product Innovation Management 1999;16:160–72. 
[19] Schuh G, Kampker A, Franzkoch B. Anlaufmanagement. wt 
Werkstatttechnik online 2005;95:405–9. 
[20] Rösch F, Mayer A, Doch SA. Grundlagen des Änderungsmanagements 
im Anlauf. In: Schuh G, Stölzle W, Straube F, editors. 
Anlaufmanagement in der Automobilindustrie erfolgreich umsetzen. 
Berlin: Springer; 2008. p. 215–220. 
[21] Lindemann U. Methodische Entwicklung technischer Produkte. Berlin: 
Springer; 2009. 
[22] McKay J, Hamburg M. Standard Glossary of Terms Used in Software 
Testing; 2015. 
[23] Spillner A, Roßner Thomas, Winter M, Linz T. Praxiswissen 
Softwaretest - Testmanagement. Heidelberg: dpunkt; 2008. 
[24] Myers GJ, Badgett T, Sandler C. The art of software testing. Hoboken, 
NJ: Wiley; 2012. 
[25] Vollerthun A. Test…Test…Test. Qualität und Zuverlässigkeit (QZ) 
2006;51:33–7. 
[26] Grady JO. System verification. Boston: Elsevier/Academic Press; 2007. 
[27] Simon D, Simon F. Integrated Test Management and Risk Management. 
Köln; 2012. 
[28] Pinkster I, Burgt B van de, Janssen D, Veenendaal E van. Successful 
Test Management. Berlin: Springer; 2004. 
[29] Perry WE. Effective Methods for Software Testing: Includes Complete 
Guidelines and Checklists. Indianapolis: Wiley; 2006. 
[30] Schettler H. Quantifizierte Risikobewertung im Management von IT-
Tests am Praxisbeispiel. In: Geuhs S, editor. IT Risk Management 2003. 
Köln: Geuhs; 2003. p. 1–7. 
[31] Vivenzio A, Vivenzio D. Testmanagement bei SAP-Projekten. 
Wiesbaden: Springer; 2013. 
[32] Zentis T. Modell zur Bewertung und Kontrolle technischer Risiken. 
Doctoral thesis. Aachen; 2013. 
[33] Bhise VD. Designing Complex Products with Systems Engineering 
Processes and Techniques. Hoboken: CRC Press; 2013. 
[34] Verein Deutscher Ingenieure. Entwicklungsmethodik für mechatronische 
Systeme (VDI 2206). Berlin: Beuth; 2004. 
[35] Ehrlenspiel K, Meerkamm H. Integrierte Produktentwicklung. München: 
Hanser; 2013. 
[36] VDA. Prozessbeschreibung - besondere Merkmale (BM). Berlin: VDA 
QMC; 2011. 
[37] Ponn J. Konzeptentwicklung und Gestaltung technischer Produkte. 
Heidelberg: Springer; 2011. 
[38] Cooper RG. A process model for industrial new product development. 
IEEE Transactions on Engineering Management 1983;EM-30:2–11. 
[39] Cooper RG. Stage-Gate Systems: A New Tool For Managing New 
products. Business Horizons 1990;33:44–54. 
[40] Chrysler, Ford, General Motors. Advanced Product Quality Planning 
(APQP) And Control Plan: Southfield, Michigan; 2008. 
[41] VDA. Maturity Level Assurance for New Parts. Frankfurt: Heinrich; 
2010.
 
